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(54) Friction material formed by deposition of friction nmllfiers on high, wet energy 
>us friction materials 



tion material. The fibrous base material is impregnated 
with a phenolic or phenolic-t)ased resin material to fomn 
a friction material. 



(57) The present invention relates to a fftMHous base 
material comprising a primary layer and a secondary 
layer of friction modifying particles on at least one sur- 
face of the primaiy layerfor use as an anti-shudder f ric- 
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Description 
TECHNICAL FIELD 

5 [0001] The present Invention relates to a non-asbestos, non-nrietalllc fibrous base material comprising a first layer 
of fibriliated aramid fibres, (and optionally cotton fibres, cart>on fibres, carbon particles and a filler material, such as 
diatomaceous earth) and a second layer of friction modifying particles. The Invention further relates to a composite 
friction material comprising the above described fibrous base material impregnated with a phenolic resin or a phenolic 
based resin blend. 

10 [0002] The friction material of the present invention has improved anti-shudder characteristics and improved strength, 
porosity, wear resistance and noise resistance. 

BACKGROUND ART 

IS p003] New and advanced transmission systems and braking systems are being developed by the automotive In- 
dustry. These new systems often invoTve high energy requirements. Therefore, the friction materials technology must 
be also developed to meet the increasing energy requirements of these advanced systems. 
[0004] In particular, a new high energy type friction material is needed. The new high energy friction material must 
be able to withstand high speeds wherein surface speeds are up to about ^m/seconds. Also, the friction material must 

20 be able to withstand high facing lining pressures up to about 1 500 psi. It is also important that the friction material be 
useful under limited lubrication conditioris. 

[0005] The friction material must be durable and have high heat resistance In order to be useful In the advanced 
transmission and braking systems. Not only must the friction material remain stable at high temperatures. It must also 
be able to rapkily dissipate the high heat that is being generated during operating conditions. 

25 [0006] The high speeds generated during en^gement and disengagement of the new transmission and braking 
systems mean that a frk:t»n material nmist be able to maintain a relatively constant friction throughout the engagement. 
It is important that the frctional engagement be relatively constant over a wide range of speeds and temperatures In 
order to minimize "shuddering of materials during braking or the transmission system during power shift from one gear 
to another. It is also nmportant that the friction material have a desired torque curve shape so that during frictional 

30 engagement the frkition material is notse or "squawk" free. 

[0007] In partfcular, transmtsskm and torque-on-demand systems incorporate slipping clutches mainly for the fuel 
eff biency and driving comfort. The role of the slip clutch within these systems varies from vehicle launching devices, 
such as wet start clutches, to that of a torque converter clutches. According to the operating conditions, the slip clutch 
can be differentiated into three prindple classes: (1) Low Pressure and High Slip Speed Clutch, such as wet start 

35 dutch; (2) High Pressure and Low Slip Speed Clutch, such as Converter Clutch; and (3) Extreme Low Pressure and 
Low Slip Sped Clutch, such as neutral to idle clutch. 

[0008] The principal perfonmance concerns for all applications of the slip clutch are the prevention of shudder and 
the energy management of the friction interface. The occurrence of shudder can be attributed to many factors including 
the friction characteristics of the friction material, the mating surface's hardness and roughness, oil film retention, 
^ lubricant chemistry and interactions, dutch operating conditions, driveline assembly and hardware alignment, and 
driveline contamination. The frictton interface energy management is primarily concerned with controlling interface 
temperature and is affected by the pump capacity, oil flow path and control strategy. The friction material surface design 
also contributes to the ^idency of interface energy management 

[0009] Previously, asbestos fibres were induded in the friction material for temperature stability. Due to health and 
^ environmental problems^ asbestos Is no longer being used. More recent friction materials have attempted to overcome 

the absence of the asbestos in the friction material by modHylng impregnating paper or fiber materials with phenolk; 

or phenofic-modified resins. These friction material, however, do not rapidly dissipate the high heat generated, and 

do not have the necessary heat resistance and satisfadory high coefficient of fridion perfonnance now needed for use 

in the high speed systems cunrentiy being developed. 
so [0010] The present invention Is an improvement over the Seitz U.S. Patent No. 5,083,650 reference which Involves 

a multi-step Impregnating and curing process; i.e., a paper impregnated with a coating composition, cartoon partides 

are placed on the paper, the coating composition in the paper is partially cured, a second coating composition is applied 

to the partially cured paper, and finally, both coating compositions are cured. 

[0011] In other friction materials, m^allk: fibres combined with cartwn materials were induded in the friction material 
ss for wear resistance. For example. Fujimaki et al. U.S. Patent No. 4,451 ,590 describes a friction material having metallfc 
fibres, filler, carbon partides, carbon fibres and phenolk; resin. However, the metallk: based friction materials do not 
have suffkaent porosity and compressibility to be capable of high fluid penneation capacity during use. Also, the metallc 
based fridion materials are not suffknently resilient or elastic, yet resistant to compression set to be capable of with- 
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standing high facing lining pressures of up to about 1500 psi (approximately 105 kg/cm2). The metallic based friction 
material also is not capable of withstanding high surface speeds of up to about 65 m/second which are generated 
during engagement and dtseng^gennent of the new transmission and braking systenns. 

P012] The present invention is also an Improvement over eartier co-owned patents by the assignee herein, Borg- 
5 Wamer Inc.. for friction materials. In partcular, U.S. Patent No. 5,998,307 relates to a friction material having a base 
impregnated with a curable resin where a porous primarily layer comprises at least one fibrous material and a secondary 
layer comprises cait>on partkdes covering at least about 3 to about 90% of the surface of the primary layer. The U.S. 
Patent No. 5,858,883 relates to a base material having a primary layer of less f Ibrillated aramid fibres, synthetic graphite, 
and a filler, and a secondary layer comprising cart)on particles on the surface of the primary layer. U.S. Patent No. 
10 5,856.224 relates to a friction material comprising a base impregnated with a curable resin. The primary layer comprises 
lessfibrillated aramid fibres, synthetk: graphite and filler, the secondary layer comprises carbon particles and a retention 
aid. The U.S. Patent No. 5,958,507 relates to a process for produdng the friction material where at least one surface 
of the fitmuis material whch comprises less fibrillated aramid fibres is coated with carbon particles and a retention aid 
when at least 3 to 90% of the surface, impregnating with a phenolic or modified phenolic resin and curing. The U.S. 
15 Patent No. 6,001 ,750 relates to a friction material comprising a fibrous base material impregnated with a curable resin. 
The porous prnrarily layer comprises less fibrillated aramkl ftores, cart)on particles, cart>on fibres, filler material, phe- 
nolc Rovoloid fit>res, and optionally, cotton fi»es. The secondary layer comprises carbon partkdes whk:h cover the 
surface at about 3 to about 90% ctf the surface. 

[0013] It is to be understood that the various primary layers described in the above-referenced BorgWamer patents 

20 are us^l with the present invention and are fully incorporated herein by reference. 

[0014] In addition, various base materials, as described In commonly owned BorgWamer inc. U.S. Patent Nos. 
5,753,356 and 5,707,905 (which describe base materials connprising less fibrillated aramid fibres, synthetic graphite 
and filler) are also contemplated as being us^l with the present invention and as such are fully Incorporated herein 
by reference. Yet another commonly owned patent. Serial No. 09/1 83,564, now allowed, relates to nonHmetallic fibrous 

25 tjase materials comprising less fibrillated aramid fibres, carbon fibres, cartoon particles and filler and is also considered 
to be useful as a primary layer in the present invention and is fully incorporated herein t>y reference. 
[0O15] In order for friction materials to be useful in "wer applications, the friction material must have a wide variety 
of acceptable characteristics. The friction nnatertal must be resilient or elastic yet resistant to compression set, abrasion 
and stress; have high heat resistance and be able to dissipate heat quk:kly ; and, have long lasting, stable and consistent 

30 frictk>nal perfonrnance. If any of these characteristics are not met, optimum performance of the friction material Is not 
achieved. 

[0016] It is also important that a suitable impregnating resin be used with the fibrous base material in order to fomi 
a high energy applk:ation friction material. The friction material must have good shear strength both when saturated 
with the w^ resin during impregnation and when saturated with brake fluki or transmisston oil during use. 

35 [0017] It is also Important, under certain applfcatlons, that the friction material have high porosity such that there is 
a high flufcl permeation capacity during use. Thus, it is important that the fridion material not only be porous, it must 
also be compressible. The fluids penneated into the friction material must be capable of being squeezed or released 
from the frictk)n material quckly under the pressures applied during operation of the brake or transmission, yet the 
frictfon material must not collapse. It b also important that the friction material have high themnal conductivity to also 

^ help rapidly dissipate the heat generated during operation of the brake or transmission. 

[0018] As tar as is known, there is no disclosure of an anti-shudder friction material for use in transmission systems 
whch includes a fibrous base material comprising an aramid-type fiber first layer and a secondary l^er of friction 
modffying particles, including, in particular, sQk^a materials, caritionized cartoon particles and/or resin powders. 
[0019] Accorcfingly, it is an object cf the present invention to provkie an improved friction material with reliabte and 

<5 improved properties compared to those of the prior art. 

[0020] A further object of this invention is to provide friction materials with improved anti-shudder characteristics and 
high thenmal conductivity, porosity strength, and noise resistance. 

[0021] As a result of extensive research in view of the need for a better friction material, a friction material witii 
improved characteristics has been developed by the invention. The present wet friction material is useful in "weT 
50 applkations where the friction material is "w^ted" or impregnated with a liquid such as brake fluid or automate trans- 
mission fluid during use. During use of the ■weT friction material, the fluid is ultinnately squeezed from or is impregnating 
the friction material. Wet friction materials differ greatiy, both in their compositions and physk»l characteristics from 
"dry* friction materials. 

55 DISCLOSURE OF THE INVENTION 

[0022] In order to achieve the requirements discussed above, many materials were evaluated for friction and heat 
resistant characteristk:s under conditions similar to those encountered during operation. Both commercially available 
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brake linings and transmission niaterials were investigated and proved not to be suitable for use in high energy appli- 
cations. 

[0023] The present invention is especially useful in brakes and In clutch applications. The present invention provides 
a fibrous base material with an optimum amount of frictk)n modifying partk^ies deposited on the surface of the fibrous 
5 base nnaterial. Preferably, the frk:tk>n nKxtifyIng partkdes are deposited on the fibrous base material during the process 
for making the fibrous t>ase material. 

[0024] The present Invention Is espedally useful with a primary layer comprising a fibrous base material comprising 
aramki fbres atone and/or connbinatlons of less fibrillated aramid fibres, cotton fibres, cartoon fibres, carison particles 
and at least one filler nnaterial and, optionally, other Ingredients. In certain examples, the less fibrillated aramid fibres 

10 create a porous ftorous base material. The cart>on fibres provide the friction material with good heat conduction such 
that the friction rhaterial has desired heat resistance. The carbon particles also provide the frbtlon material with good 
friction characteristcs such as a good or snnooth teeT in shift and essentially noise or "squawk" free operation of the 
brakes and clutches. The presence of a sniall relative annou nt of cotton fibres provides the friction material with desired 
"break-in" characterisdcs such that there Is lltde or no shudder occuning during the Initial use of the friction material. 

« [0025] A secondary, or top, layer of frictk>n modifying particles is deposited on the primary layer to f omi the fibrous 
base material. V^ous frk:tion modifying partkdes are useful as the secondary layer on the fibrous base material. In 
partkmlar, silk» partkies such as diatomaceous earth, celite®, celatom®, and/or silicon dtoxide are espedally useful. 
The surface friction modifying partk:les are present at about 0.2 to about 20%, by weight, and pr^erably about 2-1 0%, 
by weight, and nnost preferably about 3-5%, by weight, of the fibrous base material. 

20 [0026] The fibrous base material can be impregnated using different resin systems. In certain embodiments, It is 
useful to impregnate the fibrous based material with a phenolk: resin or a modified phenolic-t>ased resin. In certain 
embodiments, when a silk»ne resin is blended or mbced with a phenolic resin in compatible solvents and that slllcone- 
phenolto resin blend is used to Impregnate a fibrous, base material of the present Invention, an especially useful high 
energy friction nrtaterial Is formed. 

25 

BRIEF DESCRIPTION OF DRAWINGS 

[0027] F^. 1 is a graph of slip clutch material p^ormance showing a good curve shape for a material at cyde 50 
andatcyde 2000. 

30 [002a] F^. 2 is a schennatc diagram showing one method for nnaklng a friction material according to the present 
invention. 

[0029] Fig. 2a is a graph showing the conripression behavior of BW, the f ridlon material of the present Invention, and 
a woven carison fabric material. 

[0030] Fig. 3 is a graph showing the high speed slip durability bench test (P25) for the conventional material, M1 . 
35 [0031] Rg. 4 is a graph showing the speed slip durability bench test (P25) for the frictton nnaterial of the present 
invention, BW. 

[0032] Rg. 5 is a graph showing the high speed slip durability bench test (P25) for a woven carbon fabric material. 
[0033] Figs. 6a and 6b show the surface appearance after the P25 test for Rg. 6a-the friction material of the present 
Inventkm, BW; and Fig. Bb^e conventional slip friction material. Ml . 
40 [0034] Rgs. 7-9 are graphs showing the low speed slip screening bench test (P31) for Rg. 7-the conventional friction 
material, M1 ; Rg. B-the friction material of the present invention, BW; and Rg. 9, a woven cartjon fabric material. 
[0035] Rgs. 1 0 and 1 1 are graphs showing a dynamometer test (the engine torque, dutch pressure, output torque 
and slip speed) for the friction material of the present lnventk>n, BW at 45,000 cydes (Rg. 10) and at 77,000 cydes 
(Rg. 11). 

45 [0036] Rg. 12a and Rg. 13a are graphs showing slip speed (rpm) and h-v slope and slip torque vehfcle test results 
for Rg. 12a: the conventfonal frictk>n material, Ml ; and the fridwn material of the present invention, BW. 
[0037] Rg. 12b and Rg. 12b are graphs showing: apply pressure, engine speed, dutch speed, slip torque (and for 
Rg. 12b-shudder) for |i-v slope and slip torque vehkrfe test results for: Rg. 12b- the conventional f ridion material. Ml ; 
and Fig. 13k>- the friction material of the present inventkMi, BW. 

so 

BEST MODE OF CARRYING OUT THE IN VEhfTION 

[0O38] The friction nnaterial of the present invention has innproved anti-shudder characteristfcs. Also, the friction 
material has Improved elastk% and porosity whch allows for more un'ifonm heat dissipation during use of the fridlon 
55 material. The flukJ in the transmlssk>n or brake can rapidly move through the porous strudure of the friction material. 
Further, the increased elasticity provides more unlfonm pressure or even pressure distribution on the f ridion material 
such that uneven lining wear or separator plate "hot spots" are eliminated. 

[0039] The more porous the structure of the fridion nnaterial, the more effbient is the heat dissipation. The oil flow 
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In and out of the friction material during engagement of the friction material during use occurs more rapidly when the 
friction material is porous. 

[0040] Various methods for impregnating the friction materials of the present Invention can be used. The fibrous base 
material Is Impregnated with the phenolic or phenolic based resin, preferably so that the impregnating resin material 
5 comprises about 46 to about 65 parts, by weight, per 100 parts, by weight, of the friction material. After the fibrous 
base material has been Impregnated with the resin, the impregnated fibrous base material Is heated to a desired 
temperature for a predetennined length of time to form the friction material. The heating cures the phenolic resin at a 
temperature of about SOO'F. When other resins are present, such as a silicone resin, the heating cures the silicone 
resin at a temperature of about 400** R Thereafter, the Innpregnated and cured friction material is adhered to the desired 

10 substrate by suitable means. 

[0041] Various resins useful in impregnating the fibrous base material include phenolic resins and phenolic-based 
resins. It Is to be understood that various phenolic-based resins which include in the resin blend other modifying In- 
gredients, such as epoxy, butadiene, silicone, tung oil, benzene, cashew nut oil and the like, are contemplated as being 
useful with the present invention. In the phenolicHnodrfled resins, the phenolic resin is generally present at about 50% 

« or greater by weight (excluding any solvents present) of the resin blend. However, it has been found that friction ma- 
terials, in certain enrtbodtments, can be improved when the impregnant resin blend contains about 5 to about 80%, by 
weight, and for certain purposes, about 1 5 to about 55%, and in certain embodiments about 1 5 to about 25%, by weight, 
of silicone resin based on the weight of the silicone-phenoiic mixture (excluding solvents and other processing adds). 
[0042] Examples of useful phenolic and phenolic-silicone resins useful In the present Invention are disclosed In the 

50 above-referenced BorgWamer U.S. patents which are fully incorporated herein, by reference. Silicone resins useful In 
the present invention include, for example, thennal curing silicone sealants and silicone mbbers. Various silicone resins 
are useful with the present invention. One resin, in particular, comprises xylene and acetylacetone (2,4-pentanedione). 
The silicone resin has a boiling point of about SGSTF (183*»C), vapor pressure at 68'F mm, Hg: 21 , vapor density {m=1 ) 
of 4.8, negligible solubility In water, specific gravity of about 1.09, percent volatile, by weight, 5% evaporation rate 

25 (ether=1 ), less than 0.1 , flash point about 149**F (65*C) using the Pensky-Martens method. It is to be understood that 
other silicone resins can be utilized wfth the present invention. Other useful resin blends Include, for example, a suitable 
phenolic resin comprises (% by wt): about 55 to about 60% phenolic resin; about 20 to about 25% ethyl alcohol; about 
10 to about 14% phenol; about 3 to about 4% nnethyl alcohol; about 0.3 to about 0.8% formaldehyde; and, about 10 
to about 20% water. Ancrther suitable phenolic-based resin comprises (% by wt.): about 50 to about 55% phenol/ 

30 formaldehyde resin; about 0.5% formaldehyde; about 1 1% phenol; about 30 to about 35% isopropanol; and, about 1 
to about 5% water. 

[0043] It has also been found that another useful resin is an epoxy modified phenolic resin which contains about 5 
to about 25 percent, by weight, and preferably about 10 to about 15 percent, by weight, of an epoxy compound with 
the remainder (excluding solvents and other processing aids) phenolic resin. The epoxy-phenolic resin compound 

35 provides, in certain embodiments, higher heat resistance to the friction material than the phenolic resin alone. 

[0044] In certain embodiments, it is preferred that the target pick up of resin by the fibrous base material range from 
about 40 to about 65%, and, in certain embodiments, about 60 to at least 65%, by weight, total sllicone-phenolic resin. 
After the fibrous base material is impregnated with the resin, the fibrous base material is cured for a period of time (In 
certain embodiments for about 1/2 hour) at temperatures ranging between 300-400^0 to cure the resin binder and 

40 form the friction material. The final thickness of the friction material depends on the initial thfckness of the fibrous base 
material and. In certain embodiments, prefierably ranges from about 0.01 4" to about 0.040". 

[0045] It further contenrtplated that other ingredients and processing aids known to be useful in both preparing resin 
blends and in preparing impregnating fibrous-ttased materials can be included In the friction materials. 
[0046] Both the siBcone resin and the phenolic resin are present In solvents whfch are compatible to each other. 
4s These resins are nnixedtogether (In prefenred ennbodvnents) to fbmi a homogeneous blend and then used to ^pregnate 
a fibrous base material 

[0047] There is n<rt the same effect if a fbrous t>ase material is innpregnated with a phenolic resin and then a silfcone 
resin is added thereafter orvk» versa. There is also a difference between a mixture of a silicone-phenolic resin solution, 
and emulswns of silicone resin powder an&or phenolb resin powder. When silicone resins and phenolic resins are in 
50 solution they are ncrt cured at all. In contrast, the powder particles of silicone resins and phenolic resins are partially 
cured. The partial cure of the silkxme resins and the phenolic resins Inhibits a good impregnation of the fibrous base 
material. 

[0048] In certain emtKxIimems of the present invention, the fibrous base material Is impregnated with a blend of a 
silicone resin in a solvent whk:h is compatible with the phenolb resin and its solvent. In one embodiment, isopropanol 
ss has been found to be an espectaily suitable solvent. It is to be understood, however, that various other suitable solvents, 
such as ethanol, m^hyt-ethyl ketone, butanol, isopropanol, toluene and the like, can be utilized In the prac^tee of this 
invention. The presence <rf a silfcone resin, when blended with a phenolic resin and used to impregnate a fibrous base 
material, causes the resulting friction materials to be more elastic than fibrous base materials impregnated only with 
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a phenolic resin. When pressures are applied to the silicone-phenolic resin blended impregnated friction material of 
the present Invention, there is a more even distribution df pressure which, in tum, reduces the likelihood of uneven 
lining wear. After the silicone resin and phenolic resin are mixed tog^er, the mixture Is used to impregnate a fibrous 
base material. 

5 [0049] In certain embodiments, less fft>rillated fibres and carbon fibres are used in the fibrous base material to provide 
a desirable pore structure to the friction material which, in tum, provides increased thermal resistance to the friction 
material. The fiber geometry not only provides increased thenmal resistance, but also provides delamination resistance 
and squeal or noise resistance. The presence of the cart>on fibres and carbon particles aids in increasing the themnal 
resistance, maintaining a steady co^ident of friction and increasing the squeal resistance. A relatively low amount of 

10 cotton fibres in the fibrous base material improves the friction material's clutch "break-in" characteristics. 

[0050] The use of less fibrillated aramid fibres and cariwn fibres in a fibrous base material Improves the friction 
materiaTs ability to withstand high temperatures. I.ess fibrillated aramkJ fibres generally have few fibrils attached to a 
core fiber. The use of the less fibrfllated aramki fibres provides a frictbn material having a more porous structure; i.e., 
there are more and larger pores than if atypk^lfikmllatedararnidfberis used. The porous structure is generally defined 

'5 by the pore size and liquid permeability. In a pr^erred embodiment, the ftorous base material defines pores ranging 
in mean average size from about 2.0 to about 25 nrucrons in diam^er. In certain embodiments, the mean pore size 
ranges from about 2.5 to about 8 micrDns in cfianneterandthefrkrtkkn material had readily available air vokJs of at least 
about 50% and, in certain embodiments, at least about 60% or higher. 

[0051 ] When the friction matenal has a higher mean flow pore diameter and penmeabil ity, the friction material is more 
20 likely to mn cooler or with less heat generated in a transntission due to fcjetter automatic transmission fluid flow through- 
out the porous structure of the friction material. During operation of a transmissk>n system, oil deposits on the surface 
of the friction material tend to develop over time due to a breakdown of the automatk: transmission fluid, especially at 
high temperatures. The oil deposits on the fibres decrease the pore openings. Therefore, when the friction material 
inftially starts with larger pores, there are nnore open pores remaining during the useful life of the friction material. In 
25 additk>n, in embodiments at least partially impregnated with a silkx>ne resin, the silicone resin, due to its elastb char- 
acteristics, allows the fftjres in the friction rraterial to have an even more open structure. 

[0052] rt is desired that the aramki fibres have a length ranging from atxMJt 0.5 to about 10 mm and a Canadian 
^andard Freeness (CSF) of greater than about 300. In certain embodiments, it is desired to use less fibrillated aramid 
fibres whk^hhaveaCSF of about 450toabout550 preferably about 530 and greater; and, in other certain embodiments, 
30 about 580^0 and above and pr^erably about 650 and above. In contrast, more fibrillated fibres, such as aramid pulp, 
have a freeness of about 285-290. 

[0053] The "Canadian Standard Freeness" (T227 om-85) means that the degree of fibrillation of fibres can be de- 
scribed as the measurement of freeness of the fibres. The CSF test is an empirical procedure which gives an arit>ltrary 
measure of the rate at whch a suspensN>n of three grams of fibres in one litre of water may be drained. Therefore, the 

35 less fibrillated aramid fibres have higher freeness or higher rate of drainage of fluid from the friction material than other 
aramki fibres or pulp. Friction materials comprising the aramkJ fibres having a CSF ranging from about 430-650 (and 
in certain embodinYents preferably about 580640, or preferably about 620-640), provide superior friction perfonnance 
and have better material properties than friction materials containing conventionally more fibrillated aramid fibres. The 
longerfiberlength,togetherwith the high Canadian freeness, provideafnctionmaterial with high strength, high porosity 

^ and good wear resistance. The less fft)rillated aramki fibres (CSF about 530-about 650) have especially good long- 
temn durability and stable coefficients ctf frrction. 

[0054] Various fillers are also useful in the primary layer of the fibrous base material of the present invention. In 
partcular, silka fillers, such as diatomaceous earth, are useful. However, It is contemplated that other types of fillers 
are suitable for use In the present invention and that the choice filler depends on the partknilar requirements of the 
^ friction material. 

[0055] In certain enrtt>odiments, cotton Vber is added to the fibrous base material of the present invention to give the 
fibrous material higher coefficients of firk:tion. In certain emt>odiments, about 5 to about 20%, and, in certain embodi- 
ments, abovX 1 0% cotton can also be added to the fibrous base material. 

[0056] One example of a formulation for the primary l^er of a fibrous base material as described in the above 
so incorporated by reference co-pending applfcation Serial No. 09/1 83,564, whfch comprises about 1 0 to about 50%, by 
weight, of a less fibrillated aramki fiber; about 10 to about 35%, by weight, of activated carit)on particles; about 5 to 
about 20%, ty weight, o^n fibres, at>out 2 to about 15%, by weight, cart)on fibres; and, about 10 to about 35%, by 
weight, of a filler material. In certain emtKxiiments, one particular formulation has found to be useful comprises at)out 
36 to about 45%, by weight, less fibrillated aramki fibres: about 1 0 to about 20%, by weight, activated carbon particles; 
5S about 5 to about 1 5% cotton fibres; about 2 to about 1 0%, by weight, carbon fibres; and, about 25 to about 35%, by 
weight, filler. 

[0057] The use of frictk)n modifying particles on the primary layer of the fibrous base material provides a three di- 
menskmal structure to the fibrous base material. 
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[0058] The uniformity of the secondary layer of the friction modifying particles on the surface of fibrous base materials 
is achieved by using a range and size of the particles that is preferably from about 0.5 to about 80 microns, and 
preferably about .5 to about 20 microns. In these certain embodiments, It has been discovered that rf the friction mod- 
ifying particle size is too large or too small, the optimum three-dimensional structure not achieved and. consequently, 

5 the heat dissipation is not as optimum. 

[0059] In preferred emt)odiment5, the amount of friction modifying particles on the primary layer ranges from about 
0.2 to about 20%, by weight, and In certain embodiments about 2 to about to about 15%, by weight, and in certain 
preferred embodiments about 2 to about 5%, by weight, of the friction paper. In preferred embodiments, the area of 
coverage of friction modifying particles on the primary layer surface Is In the range of the about 3 to about 90% of the 

to surface area. 

[0060] The secondary layer of the friction modifying particles Is deposited on the primary layer to fonn the fibrous 
base material. Various friction modifying particles are useful as the secondary layer on the fibrous base material. Useful 
friction modifying particles include silica particles; resin powders such as phenolic resins, silicone resins epoxy resins 
and mixtures thereof; partial and/brfully carbonized cartoon powders and/or particles and mixtures thereof; and mixtures 

« of such friction modifying particles. In particular, silica particles such as diatomaceous earth, Celite®, Celatom®, and/ 
or silicon dioxide are especia»y us^l. The silica particles are inexpensive organic materials which bond strongly to 
the fibrous materials. The silica partides provide high coeTicients of friction to the friction material. The silica particles 
also provide the friction material with a smooth friction surface and provides a good "shiftf eeT and friction characteristics 
to the friction material such that any "shudder* Is minimized. 

20 [0061] A preferred process for producing the friction material comprises fibres fomriing the primary layers of the 
fibrous base material. At least one surface of the primary layer of the fibrous base material is coated with the friction 
modifying particles. The fibrous base material with the friction modifying particles coated thereon is then impregnated 
with at least one phenolic or phenolic-based resin. The Impregnated, coated fibrous base material is cured at a pre- 
determined temperature for a pred^ermlned period of time to fomi the friction material. 

25 [0O62] One preferred embodinrtent for making a friction material 10 of the present invention is shown in Fig. 2. A 
fibrous base nnaterial 12 comprises a lower layer 14 having an upper or top surface 1 6 and a lower or bottom surface 
18. While the lower layer 14 is wet, friction modifying particles 20 are deposited onto the top surface 16 of the wet 
lower layer 14. 

[0083] In certain methods it Is also us^l to use vacuum pressure (not shown) on the lower surface 18 of tiie wet 
30 layer 14 prior to deposition of the friction modifying particles 20 on the top surface 1 6 of the layer 14. 

[0064] It has been found that the secondary layer of friction modifying partides on the primary layer of the fibrous 
base material provictes a friction material with good anti-shudder characteristics, high durability, good wear resistance 
and improved break-in characteristics. 

[0065] The following examples provkle further evidence that the friction modifying partkde coated fibrous base ma- 
35 terial and resulting friction material of the present invention are an improvement over the conventional friction materials. 
Various preferred embodiments of the invention are descrit)ed in the following examples, wh»h however, are not in- 
tended to limit the scope of the Invention. 

Examples 

40 

[0066] Slip Qutch Interface Technology Requirements: The frfction materials of the present invention are designed 
for slipping dutch applk:ationsthatme^spedal requirennents. These requiranents indude high mechanical strength, 
heat resistance, glazing resistance and shudder resistance. The friction material of the present invention has high 
porosis, a unique material structure for high mechank»l strengtti, high temperature conductivity, and anti-shudder 
45 frictkm mocfiflercharacteristics. These materialcharacteristicsare the necessary conditions of smootii slip torque output 
and long term friction stability. 

[0067] The slip dutch material requirements for desirable slip torque response and tong-tenm durability indude good 
cun^e shape and k>ng tenm friction stability. The good curve shape, as shown in Fig. 1 , is dependent on high material 
porosity and h^ friction mocfifier content. The long term friction stability is dependent on high porosity (anti-glazing) 

so and high temperature ingredients. 

[0068] The fibrous base material structure contains a porous and high temperatu re synthetic fibres networi( to provide 
high heat dissipation and friction stability. Friction modifying partk^les are deposited on the fibrous base material to 
provide the "anti-shudder* properties. The friction material of the present invention for slip dutches is shown In Fig. 2. 
BW is a friction material of the present invention having a primary layer of a fibrous base material comprising about 

55 38-40%, by we^. of less fibrillated aramid fibres; about 1 3-1 5%, by weight, carbon partides; about 1 0-12%, by weight, 
cotton fibres, atxMJt 4-6%, by weight, cartoon ftores; and at)out 28-30%, by weight, celite filler material; and having a 
secondary, or top layer comprising about 3% to about 5%, by weight, celite friction modifying partides. The Ml Is a 
conventional low-speed slip material comprising about 25%, by weight, aramid fibres; at>out 25%, by weight, cotton 
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fibres; and about 15%. by weight, filler material. 

[0069] Friction CharBcteristic Tests: Slip clutch friction nrmterlais performance and durability are evaluated by the 
following tests: 

5 1 . High speed slip durability bench test (P25): extreme high energy, extended slip durability. 

2. Low speed slip screening bench test (P31 ): low speed, continuous slip, p.-v friction characteristics under various 
operating conditions. 

10 3. Transmission dynamometer durabifity test 



4. Vehicle perfomnance tests. 



[0070) The test pnacedures for slip clutch materials are different from those for shifting clutch materials. The main 
« features for the slip clutch material (such as start dutch) are that it takes a long slip time before the clutch is fully 
engaged, it requires high friction energy per unit contact area, and the clutch carries high inertia. Table I shows the 
testcontfitions for the High Speed Slip Durability Bench Test P25 and the Low Speed Slip Screening Bench Test P31 . 



Tablet 



Test Condition for P2S and P31 Procedures 






P25 


P31 


Slip Engagement 
High Speed Slip Durability 


Continuous Slip 
Low Speed Slip Screen 


Oil Temperature 


rc) 


100 


100 


Oil Row 


(liter/kDin) 


3 


1 


Cyde 




2000 


30 


Moment of Inertia 


{Icg-nt2) 


1.060 




Slip Speed 


(rpm) 


3300 


1 -500 


Fadng Pressure 


(kPa) 


400 


1600 


Energy Density 


(J/hnm2) 


5.826 


N/A 


Cal. Stop Time 


(sec) 


9.75 


WA 


Power 


(W) 


6491 


5.7-2866 


Power Density 


(W/mm2) 


0.597 


0.001-0.57 



PXWI] The materials for the bench tests induded BW. Ml . and Carbon Fabric. BW material is the friction material 
<rf the present invention and comprises a porous, synthetic fber networic to provide high heat dissipation. In addition, 

^ friction modifiers were deposited on the surface of the BW material to provide anti- material 
is a conventional tow speed slqp dutch friction material and possesses nroderate high-energy capacity, dense structure 
and tower porosity, a combination of high temperature fibres and lower temperature organic fibres and good "initial" 
shudder resistance. The Cart)on Fabric is a woven material and has the highest porosity of ail three materials. However, 
thecart>onfat>ric material has high surface roughness because of the nature of weaving pattern. In addition, thecart>on 

45 fabric material is most susceptit>le to mechanical deformation due to high compression set of the material, as shown 
in Rg. 2a. 

[00721 A comparison of imaterial properties for BW and Ml materials Is shown in Table II below. The average pore 
cfiam^er for material Ml is 4 |uns. In adcBtion to its other features, the friction material BW contains a larger pore 
structure, where the average pore diameter is about 7 ^ms. Larger pores are less susceptible to blodcage through 
go glaze formation because of their increased diameter. 



Table II 



Comparison of Material Physical Properties 




BW 


M1 


Porosity (%) 

median pore size dim) 


67.3 
7.0 


61 .0 
4.0 
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[0073] Figs. 3 to 5 show the P25 bench test results for high-speed slip. Material Ml initially exhibited good torque 
traces (or friction coefficient \i curves), then after 500 cycles started to develop the rooster tailed torque curves cleariy 
evident after 2000 cycles, as shown in Rg. 3. A rooster tailed torque trace is not desirable since it creates a negative 
H-v curve that is associated with shudder. Rg. 4 reveals the results of the same test against the friction materia! of the 

5 present invention. The output torque traces are slightly descending or flat. The levels are stable through the whole 
2000 cycles. These characteristics, stable and descending/flat torque traces, of the friction material BW are strong 
evidence of good performance. The test results of Carbon Fabric material are shown in Rg. 5. Rg. 5 shows cleariy 
low \i values and huge rooster tails on every torque trace (or \i curve). This Is the most undesirable case among these 
three tests. Similar obsen^ations and characteristics trends were observed for these three different materials using 

10 different types of automatic transmission fluids. 

[0074] The friction plates of the BW material and the Ml material, after P25 tests, were examined with the use of an 
SEM. It was found that material Ml suffered from the surface glazing while the friction material BW had dean surface 
and remained porous, as shown in Rg. 6. As a low porosity material, Mi became glazed after the durability test The 
high porosity of the BW friction nnaterial helps to prevent the glazing. The cartK)n fabric material had good energy 

« capacity; however, the high compressibility (mechanical defomriation) the surface roughness and nature of the carbon 
chemistry made the cartxm fabric material very unstable in high energy slip durability tests, as shown in Rg. 5. 
[DOTS] The ^-v relationship at low slip speed for materials BW, Ml and CariOon Fabric are shown In Rgs. 7 to 9. The 
BW and Ml materials have the positive ^-v slopes, while the Cartx>n Fabric material exhibits negative ^-v slopes. The 
positive ^-v slopes are necessary for good shudder resistance. The negative ^-v slopes of the Carbon Fabric material 

^ means that the cart)on fabric material will most likely produce a shucWer in a vehicle. The anti-shudder ingredients in 
the BW and Ml materials help to create the positive ji-v slopes. The cartwn itself can not provide that kind of positive 
\i-y slope. 

[0076] A dynamometer test was conducted using a comply transmissk>n to evaluate the durability of the transmis- 
sion. The test rig was equipped with 2 engines and^or flywheel to simulate the vehicle Inertia. The oil temperature was 
25 between 85-1 00*'C. The maximum slip speed was about 2500 rpm. The dutch pressure was about 500 KPa, The slip 
time is about 5 seconds. The complete test was composed of 1 B different types of start, each type has different con- 
ditions (slip speed, slip time, pressure etc). 

[0077] Figs. 10 and 11 show the results of the dynamom^er test that simulates the vehide operation. The friction 
material BW has steady p. values and no shudder at the mid-test (44000 cydes) and the end of test (77,000 cydes of 

30 start). The output slip torque is linearly proportional to the Input torque. No uncontrollable torque vibration was observed. 
These results demonstrate the good quality of the friction material BW for high-speed slip dutch applications. 
[0078] Rgs. 12 and 1 3 show the vehk:le test results. The friction material BW exhibited flat curves (stable ji) and 
smooth output torque (free of vibration). The material Ml, however, showed negative p.-v slopes and output torque 
with significant vibrations (or shudder). These data confinm the superiority of the friction material BW over the material 

35 Ml In high-speed slip applrcations. 

INDUSTRIAL APPUCABIUTY 

fWrS] The present Invention us^l as a high energy friction nnaterial for use witti dutch plates, transmission bands, 
40 brake shoes, synchronizer rings, friction disks or system plates. 

[0080] The above descriptions of the preferred and alternative embodiments of the present invention are intended 
to be illustrath^ and are not intended to be limiting upon the scope and content of the following claims. 

^ Claims 

1. A friction material comprising a fbrous base nrtaterial impregnated with at least one curable resin, the fibrous base 
material comprising a porous prinnary layer and a secondary layer comprising friction modifying partkdes oh at 
least one surface of the primary l^er, the friction modifying partides being present at at>out 0.2 to about 20%, by 

so weight, based on the weight ctf the fibrous base nnaterial, the friction modifying particles covering about 3% to 
ebmtt 90% of the surface area of the primary layer. 

2. The fridion material of daim 1 , wherein the secondary layer conrprises about 5% to at)out 15%, by weight, of 
friction mocking particles, based on the weight (rf the fibrous base material. 

55 

3. The friction material of daim 1 . wherein the secondary layer comprises about 2% to about 5%, by weight, of silk:a 
partide friction nnodlfying partides, based on the weight of the fibrous base material. 
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4. The friction material of claim 1 , wherein the friction modifying partide size ranges from about 0.5 to about 20 
microns. 



5. The friction material of claim 4, wherein the friction modifying particles comprise silica particles; resin powders 
5 including phenolic resins, silicone resins, or epoxy resins and mixtures thereof; fully cari^onized carbon powder or 

particles or partially carbonized powder or particles and mixtures thereof; and mixtures thereof. 

6. The friction material of daim 1 , wherein the fibrous base material comprises a plurality of less f ibrillated aramid 
fibres having a freeness of at least about 300 on the Canadian Standard Freeness (CSF) index, and optionally 

10 one or more of the following: cotton fS>res, carbon fibres, cartoon particles, and, at least one filler material. 

7. The friction material of daim 6, wherein the less fibrillated aramid fibres have a freeness of about 430 to about 
650 on the Canadian Standard Freeness index. 

IS 8. The friction material of daim 6, wherein the aramid fibres have average fiber lengths in the range of about 0.5 to 
about 10 mm. 



9. The friction material of daim 6, wherein the filler comprises dtatomaceous earth. 

10. The friction material of daim 1 , wherein the fibrous base material defines pore dianneters ranging in mean average 
size from about 2.0 to about 25 microns. 



1 1 . The friction material of daim 1 , wherein the primary layer has readily available air voids of at least about 50%. 

25 12. The friction material of daim 6, wherein the fibrous base layer comprises about 1 0 to about 50%, by weight, less 
fibrillated aramid fiber; about 1 0 to about 35%, by weight, cart>on particles; about 5 to about 20%, by weight, cotton 
fibres; about 2 to about 15%. by we^, carbon fibres; and, about 1 0 to about 35%, by weight, filler material. 

13. The friction material of daim 12, comprising in percent, by weight, about 38 to 40% less fibrillated aramid fibres, 
30 about 1 3 to about 1 5% carbon particles; about 1 0 to about 1 2% cotton fibres; about 4-6% caribon fibres; and about 

28 to about 30% filler material. 

14. The friction material of daim 1, impregnated with a phenolic resin or a modified phenolic resin. 

3S 15. The friction material of daim 14, wherein the friction material comprises approximately 25 to about 60% resin, by 
weight. 

16. The friction material of daim 1, impregnated with a mixture of a phenolic resin and a silicone resin wherein the 
amount of siScone resin In the mixture ranges from approximately 5 to approximately 80%, by weight, based on 

^ the weight of the mixture. 

17. The friction material of daim 16, wherein the phenolic resin is present In a solvent material and the silicone resin 
is present in a solvent material which is compatible with the soh^ material of the phenolic resin. 

^ 18. The friction material of daim 16, wherein the amount of silxxme resin present in the siticone-phenolic resin mixture 
ranges from about 20 to about 25%, by weight, based on the weight of the mixture. 

19. The friction material of daim 16, wherein the annount of silicone resin present in the silicone phenolic resin mixture 
ran^ from about 15 to ^bout 25%, by weight, based on the weight of the mixture. 

50 

20. The friction material of daim 14, wherein the modified phenolic resin comprises an epoxy phenolic resin. 

21 . The friction material of daim 20, wherein the amount of epoxy resin present in the epoxy phendic resin ranges 
from about 5 to about 25%, by weight, based on the weight of the epoxy phenolic resin. 

55 

22. The friction material of daim 20, wherein the amount of epoxy resin present in the epoxy phenolic resin ranges 
from about 10 to about 15%, by weight, based on the weight of the epoxy phenolic resin. 
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50 
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23. A process for producing a friction material conriprising forming a fibrous base material of aramid fibres, coating 
about 3% to at>out 90% of at least one surface of the porous fibrous base material with friction modifying particles, 
the friction nmxiifying particles being present at about 0.2 to about 20%, by weight, based on the weight of the 
fibrous base material, and impregnating the coated fibrous base material with a phenolic resin, or phenolic-^ased 
resin mixture, and thereafter curing the impregnated fibrous base material at a predetennined temperature for a 
predetermined period of time. 

24. The process of claim 23. in whbh the aramid fibres are mixed with carbon particles, cotton fibres, cartx>n fibres 
and at least one filler material to form the fibrous base material. 

25. The process of daim 23, In which the friction modifying particles comprise silica particles; resin powders including 
phenolic, silicone or epoxy resins and mixtures thereof; fully carbonized cart>on powder or particles or partially 
carbonized caribon powder or particles and nntxtures thereof; and mixtures thereof. 



11 



EP1209897A1 



0) 

o 
c 

E 

I 
a. 

V. 

15 



o 

o 
a 

CO 

fl « 



iZ 



(0 

^ c 

= -o 

— O) 

JO ?» £ 

o >» 2 

•C P p 

o i 

E a. K 

3 § » 

TO X X 

c 

p ♦ ♦ 



M 

s 

p 

re 5 



t 

o 

T3 
P 
O 

O 



o 

CO 

X 



«> p 

5 P 

iS 

q> CO 
O 3 

^ $2. 

^ r 2 

X O CO 




o 
o 

o 

o 



o 
o 

o 



12 



EP1203897A1 




13 



EP 1203 897 A1 



> 

CO 

to 

c 
o 

•55 .9 
(/) 1- 

1 = 

CN O 
LU CO 




(edM) ssdJis uoissajdujoo 



14 



EP 1203 897 A1 




15 



EP1203 897A1 




16 



EP 1203 897 A1 




17 



EP 1203 897 A1 




18 



EP1 203 897A1 




19 



EP 1203 897 A1 




20 



EP1203897A1 




21 



EP1203897A1 




22 



EP 1203 897 A1 




23 



EP1203897A1 




24 



EP 1203 897 A1 




25 



EP 1203 897 A1 



J" 
in 



cr 

00 
o 



CO 



6 



2 

5 ^' 






















































































































































•< 




















1 






















* - 






































■ * » * 


* 
























































— ^ 

It 
























» 
























































• »♦ 






















* 

♦ 


































* 






















— 
















i— 




^! " 


* 










4 






1 
* 

— ~ 














•] 














































C 












































* 







































S S 8 

3 O O 



26 



EP 1203 897 A1 




EP1203897A1 



EuropMHi PMnil 



EUROPEAN SEARCH REPORT 



EP 01 30 9199 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Otatton ctf dxtmiem wtm tndk»Bon, whera apofop^^ 

olr ' 



Relevant 
to clalffi 



CtASSfflQATION OF THE 
APPLICATION (IrLCLT) 



MO 98 09093 A (B0R6 WARNER AUTOMOTIVE) 
5 March 1998 (1998-03-05) 



♦ page 6, line 1 - page 7, line 29 * 

♦ page 8, line 1 - page 9» line 17; claims 
1-33 * 

EP 0 807 766 A (B0R6-WARHER AUTOMOTIVE) 
19 November 1997 (1997-11-19) 

♦ page 4, line 2 - page 5, line 40 * 

♦ page 6, line 31 - page 7, line 25; 
claims 1-4,6-12 * 

EP 1 039 168 A (B0R6 WARNER INC) 
27 September 2000 (2000-09-27) 

♦ paragraph '0020! - paragraph * 0025 I ♦ 

♦ paragraph *0028! - paragraph *0030l * 

♦ paragraph '0034! * 

♦ paragraph '0038! - paragraph '0055! * 

♦ paragraph '0063! * 

EP 0 766 019 A (B0R6 WARNER AUTOMOTIVE) 
2 April 1997 (1997-04-02) 




TY» pceser* search report r» been (fcaam up lor an claims 



1,2.4-9, 
12, 

14-21, 
23-25 



1-3,5, 
14-25 



1,2. 

4-12. 

14-25 



1.2. 

4-12, 

14-25 



F16D69/02 
COaL61/06 



IKHMCALnELOS 

(lntCI.7) 



F16D 
C08L 



THE HAGUE 



DM* Of canpMion Of ih» aMKh 

15 February 2002 



Boulon, A 



GATEGORT OF CfTQ) DOCUMBCTS 




L : docuRMni ctod tof oUmt lusons 

&: ptsmber of ttiesairiB patent fantfyt commpuiiOliiu 



28 



EP 1203 897 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATBfT APPLICATION NO. EP 01 30 9199 



This annex Sstsiha patent lajnliymefnt>efsrelaano to the patent documents cited hi theabova-menllooed European searcti report 
The membera am as contained ki the European Patsnt once EOP iito on 
llw Bocpean raent ORIn 18 in no way ibUe •wee paiticiilars wiM 

15-02-2002 



Patent <loouRieni 
m 



PubftCStkXl 



Paianttanny 
inafflber(») 



WO 9809093 



05-03-1998 



US 
US 
EP 
JP 
US 
UO 
US 



5998307 A 
5856244 A 
0946832 AI 
2001500541 T 
5958507 A 
9809093 Al 
6001750 A 



07-12-1999 
0&-01-1999 
06-10-1999 
16-01-2001 
28-09-1999 
05-03-1998 
14-12-1999 



EP 807766 


A 


19-11-1997 


CA 


2202432 Al 


17-11-1997 








EP 


0807766 Al 


19-11-1997 








JP 


10046499 A 


17-02-1998 








US 


6194059 81 


27-02-2001 


EP 1039168 


A 


27-09-2000 


US 


6(KI1750 A 


14-12-1999 








EP 


1039168 Al 


27-09-2000 








JP 


2000336343 A 


05-12-2000 



EP 0766019 



02-04-1997 



CA 


2184342 


Al 


29-03-1997 


DE 


69611140 


Dl 


11-01-2001 


DE 


69611140 


T2 


05-04-2001 


EP 


0766019 


Al 


02-04-1997 


JP 


9176333 


A 


08-07-1997 


US 


5958507 


A 


28-09-1999 


US 


6001750 


A 


14-12-1999 


US 


5998307 


A 


07-12-1999 


US 


5858883 


A 


12-01-1999 


US 


5856244 


A 


05-01-1999 


US 


6130176 


A 


10-10-2000 


US 


5707905 


A 


13-01-1998 



o 

m FormoredelBlBatooyllhteanfmzeeeOacialJcwnKrior ^2m2 



29 



liichel .G. Pagan. 

Impt. in. dealing Appa-ratus. 




MICHEL G. FAGAN, OF TROY. NEW YORK, ASSIGNOR TO HIMSFr.F 
AND ALBERT CORSE; OF SAME PLACE. 



LetteiB Pttfant Ha 112;233^ dated flobniaiy 28, 1871. 



IMPROVEMENT IN HEATtMG APPARATUS. 



I to Ib tbeae Ziettan VabmX and nuMns paxt of jOio i 



Be it known that I, MrcHBL 6. Fa&as»^ 
in the eomtty of Bens^Iaer and in the State of 
Torky have invented certain new and nsefiil Improve- 
tnentB in Heating Apparatos; and do hereby declare 
that the fi^wing is a ^U, cSear^ and exact descrip- 
turn ^reo^ reference being had to the aoeompanj- 
ing drawing . making a part of this Bpedficatiun, in 
Trbidi— 

: Hgore 1 is a |dan view of the upper nde of a drum 
eoDS&octed in aoc.-t'dance with my improved methodi 
and 

Figore 2 is a vertical onttral Mtion of t)ie same 
on tiie line x x of 6g. 1. 

li^ters.c^ like name aoal kind refer to Iike« ports 
in each of the fignrea. 

As cmnmonlj constmeted the dramd or sections of 
bea^Dg^fomaces above the Inel-ebanilia'.are composed 
of Blieet4ron cjlin^eis ioeloaed at etrher end by east- 
iroD {dates resting npon or against the same, and the 
wbde seeored together by means of a pnmberof botts 
passing tiuxmgh both plates and tite qritndery and eoD- 
fining ttie la^er between the fi>rmer. 

1%^ constraction is, liowever, open to serious ob> 
jeetion% among wbich are—. 

FtT^ tiie impossibility of making a joint between 
tiie Olds of Uie cylinder and tlie p^tes that shall re> 
tun a sufficient ampont of eembnt to insure a g^ 
tig^dmm, and 

Seeoody' the'nneqnal irertleal expansion of the parts» 
by means of wfai^ at certain temperatDtes,theb<dts 
we slackened, so as not to'ooiifiBe saHl parts doedy 
together, while at btiier twpemtnres said Iwlts are 
subjected to a sufficient strain to oeeasiooally eanse 
titem to lureak, and thereby dei»ige the beating ap> 
paiatos and render repairs necessary. 

^ obviate tiiese ^ffieulties is the design of my in- 
ven^oo, which consists in the employment of cast* 
metal liogs fitted around or withiny.and seenred to 
the ends of the cylinder^ and oombined wil|i the end 
covers, snbstantiaDy as and for tfie purpose herebmf- 
- ter shown. 

In tiMi annexed drawing— 

A and B represent the outer and inner cylinders, 
respectively, a drum, eonespooffing in lei^^ and 
arranged oonoenUically. 

Seoned to and around tiie upper Old of the outer. 
<giinder A is a cast-m^^ ring, C, tiie outer edge of 
which coincides with tiiatcrf^ said* cylindetv from whence ' 
it blends downward the same to ft anffifaent d»- 
tance to permit of the insertion of rivets ii,l)dltB, or 
otiwr equivalait deviees^ by means of whidi said parts 
sve attached together. 

From its upper edge the ring iD extends horizoiH 
tally ^mtrard and tiwSn vertica^y npwaid, so as to 



fom ft rtg^it^D^ed rebate^ withinand upon wiiich 
is phu^d the top idate which, as seen in iig. 2, m 
sia^ of a plane disk of cast metal, provided witli a 
number of horiz(mtal^y>Iavgecting Ings, f, Utn^i 
which pass the bolts 6, nsttl for securing said plate 
to or upon said ring, the radial conformation of said 
rebate D l^^ng suited to the exterior shape of said 
plate with its Tugs. 

The ring CT, at^ched to the upper end of the inner 
cylindtf is oonstmcted in a sunilar mann^ to tliat 
before deaaibed of O^except that it fits withiu in- 
stead of around said qrllnder, and projects inward In- 
stead of ontward from the same. 

As thus constructed a soitaUe layer of cement is 
spread upon the seat or horizontal portion, of each, 
rin^ and the top plate placed thmon, and secured 
firmly thereto 1^ meaosof bolts passhig through botli 

IKUtS 

The rings H and Hyattaehed respectively to tlie 
lower ends of the outer and inner cylinders, are titt^ 
to Or npon the faiside the same, and iroiu Uieiux, 
extendmg horizontally ontwanl or inwaid, are pn>- 
Tided with lugs \ corresponding with those, forming 
part of tiie top plote^ bK^ l)ave no upward-projecting 



bottom plate K corte^onds, in exterior size 

and shape, with the Uag {^ate, but has, in addition, a 
dange, iy projeeting upwar4 from \U outer edge, so as 
to embmee the edge of the ring-H, and a second liange, 

pni|}eeting iqiward Just ontside of the inner 
dcrBl 

In attadnng together the bottom plate. and. drum 
the cement is spread upon the fimner, immediately 
beneath eadi rii^ and is held in place by means of 
the vertioat flhnges. 

* If dedred^ in order to rrader more certain tiie dose- 
ness (^joinfiSy eement may be pl^ed within the spaces 
left between tifeOQiinders and vertical fiaoges, at the. 
low ^6a\ Of the drum, and upon and around the in- 
ner mid outer edlges of the top plati^ where, fnm the 
peculiar shape of tiie par^ said eenient wiU be se- 
curety held in plaee. . ' ' 

It will be seen &at^in jj^A^^m^ tbe. bottom -plat^ 
to the cylittd^ it' is necessary to form' the seat for 
thareeeptum of the cem^ i^Km aOd to attach tiie 
npwazd-^jeetii^ flanges to sa^ plate, instead of the 
rin^% as l)efore; but as this arrangement of parts is 
just the reyene of that employed at the npptd' end of 
thb-dnun, it is considered only a necessary modlfiea- 
tiou of the same. 

The drmn above described is intended for use in a 
hotcOr fonaoQ^iriiere.itwoald be pbeed above the 
fnd-eiiaiiibei^ and oumested tiwlewitb by meaiw of 
oim jor more pi]^ opening frotin the iwor end of 
said diiduDber into the (^ between tlie cyliiiderB 



and tbe ti^ and bottom plates, so as io esnse tiie 

beatedeseajNiigprodiwlBoreombustiratopm 

tUwumoandintoanexit-pfpeiw^ 

the side or fimn ttie top of said dram, and M)^^ 

impviingapQrtioDoribetrheattotbe airsamaod. 

•ogtlie latter. 

mfe^we ^ Iioi^^,oidy sbovn for tiiepmpoGe 
or flliistrata^ my iimn&)D, wtddL as «m be leadiW 
aee^ b eqoaUj. appfieabfo to any po^^ 
Warato wbeie U is destnd tl» fima inrta^ 
iotak between the eod^a sbeeMMtel aeelto or «!. 
iader and a east-Hi^ eover. ' 

^a%e especial adv^s^igBspaewsaed by tfdscoi^^ 
t toef adnimare^ _ • „ 

.^Jte^tte j^t at endis lemieieae&tinlr 

ra oreoattaefoi<«r ottier parts of the derweL and. 
befagmafewith verjr sbort bolta, is liot Bableto^ 
r anpmiwit fimm at ly iAan gp g qf teitipciatcHiL 
^Seeood^ea^ joint is' boviaootid^ aad do ciianse of 
tempeiatore or otdtnaiyose oTttiebftiJli^ mantos 

tta^ itweil ina» oyjgBOjy, said Joliil. S^bSS 
kiridlD'^ ^• 



^Having tbns folly set fiirfli the niitare and knentB 
of my invention, 

. iW%at I daim lis neir 

In a stOTo-dram <«• other eqnindent parts of beatl- 
l^^paratns, tiie means empfoyeO, ortlietr eqitiva. 
fcwl. fijr seining a permanent gas^gbt joint b^tmm 
the ends of the oylindrteal portkmsr tljertxif aiid the 
€000, plates or other oontignoos pcMrtiuns of said appa- 
ratns, consisting of the rings O and C, attabbed to w 
SS? ^ ^ cyM'jders. A and H, re^peet- - 

or b^rw^ and thw iipwttd, so as to fonn a lebate, 
Aftr tfie feeeptloii or ttie M R in combinSS 
w^^^, aiid Q pSSS 

said partB^ sabsta&tiany aa shoM iSlS 

^^imooy thatlciaiin tiieforegoiiffilbaVehefc- 
imtosetmy haadtiiis ethday of fS*^ 

MIQHBL FAGASr. 



W. P. AliIiBBDQBPIL 

Aro.P.OQinB. 



